Abstract Metastasis is the commonest bone tumors. The commonest primary metastasis to the bone are the breast, lung, prostate, kidney, and thyroid. The bone is the third common site of metastatic disease, only the lung and the liver have higher metastatic rate than skeleton. We have no epidemiological studies conducted to evaluate the various aspects of skeletal metastasis like age, sex distribution, presentation, common sites of primary and associated secondary metastases, and investigation from Indian subcontinent. Here we are presenting the first epidemiological study of skeletal metastasis from our region. We have conducted a prospective descriptive study in the Departments of Orthopedics and Radiotherapy, Government Medical College, Kozhikode, during the period of 2007 to 2009. One hundred eleven patients were included in the study above the age of 30 years. Clinical examination and investigation were done on these patients. Skeletal metastasis commonly occurs in the fifth decade of life with modest male preponderance. In most of the cases, the primary site of malignancy was undetected at the time of presentation. Pain was the commonest presented complaint of the patient. The spine is the commonest site affected and the lung was the common site of primary metastasis. Most of the cases were detected by radiogram and confirmation was obtained by minimally invasive technique like FNAC or CNB.
Introduction
Metastases are the commonest of bone tumors. With improved treatment of the primary malignancy, the incidence of bone tumors is on the increasing trend [1] . Any tumor can cause metastasis to the bone, but the commonest sites of primary that metastasis to the bone are the breast, lung, prostate, kidney, and thyroid [2] . These account for approximately 80% of the skeletal metastasis [3] . Approximately 20% of patients, who develop metastatic carcinoma, develop clinically evident bone metastasis during their life time [4] . Incidence of skeletal metastasis is greatest for breast and prostate cancer.
The bone is the third common site of metastatic disease, only the lung and the liver have higher metastatic rate than the skeleton [5] . Metastasis to this region is indicative of advanced lesion. Metastasis involves axial skeleton more than appendicular skeleton [6] . The most common sites for metastasis include the spine, ribs, pelvis, skull, and proximal femur [7, 8] . Metastasis to hand and feet is uncommon and is usually associated with carcinoma of the lung [9, 10] . Pain is the most common presentation of skeletal metastasis, especially during the night [11] . Lesion in flat bones such as the clavicle and the rib may be asymptomatic for a long time [12] . Lesion in weight-bearing bone can present as pathological fracture. About 25% of lesions may be asymptomatic and detected only after a bone scan [11, 12] . Metastasis to the spine can present as back pain or neurological deficit [13] .
There are many mechanisms of tumor metastasis to the bone [14] . As per the current understanding, there are three mechanisms of skeletal metastasis. The first mechanism is the intrinsic properties of tumor cells. These properties potentiate the tumor cells' ability to leave the site of primary neoplasm and take residence in distant skeletal environment. The second mechanism is the anatomic predisposition of host that allows seeding of the neoplastic cells in specific regions, as described by Batson. The last mechanism is the properties of skeletal host and its response to the migration of malignant cells from the site of primary tumor [15] [16] [17] [18] [19] .
The diagnostic evaluation of metastatic bone tumors includes thorough history, physical examination, and a complete haemogramme including erythrocyte sedimentation rate. Serum tumor markers and chest X-rays must be included. Technitum 99 m MDP bone scanning is a vital component of screening for metastatic bone tumors [20, 21] . Plain radiograph of the involved area should be performed in every patient suspected of having skeletal metastasis. Radiologically, the lesions can be osteolytic, osteoblastic, or mixed [22] . Lung, kidney, and thyroid carcinomas are typically osteolytic, whereas prostate cancer most commonly appears osteoblastic. Breast, ovarian, cervical, testicular, and some lung carcinoma can appear mixed on plain radiographs [2, 23, 24] . MRI is the most useful imaging technique in detecting early skeletal metastasis because it allows direct visualization of the bone marrow and is very sensitive [25] . CT scan is also widely used for detecting osteolytic and osteoblastic bone lesions involving cortical bone [26] . We can also do guided biopsy with the help of computerized tomography. PET scan also be used to detect multiple metastasis but it is expensive [27] . Biopsy is the gold standard procedure in arriving final diagnosis [28] .
A multidisciplinary approach to treatment of metastatic bone disease is of paramount importance [6, 9] . The treatment goals include improvement of patient's general health, control of local symptoms, and treatment of primary disease. The multidisciplinary team includes a qualified orthopedic surgeon, medical oncologist, radiation oncologist, and musculoskeletal radiologist [29] .
There are very few studies conducted to find out the epidemiology of skeletal metastasis. Here we are presenting the first epidemiological study of skeletal metastasis from North Kerala. This study was conducted in Government Medical College, Kozhikode, which caters patients mostly from the four districts of northern Kerala state which is a thickly populated region. We think that our data will be useful for planning and adopting strategies for the early detection and management of skeletal metastasis.
Materials and Method
After obtaining the approval from the Institutional Research and Ethical Committee of Government Medical College, Kozhikode, we have done a prospective observational study over the period of 24 months from October 2007 to October 2009. The study was carried out in the Departments of Orthopedics and Radiotherapy of Government Medical College, Kozhikode. The Medical College Hospital is a referral hospital and takes care of the population of northern Kerala. All patients with skeletal metastasis over the age of 30 were included in the study after getting informed consent. Patients with primary bone tumors, multiple myeloma, and other haemopoietic malignancy were excluded.
A total of 123 patients with skeletal lesions were identified during the study period, out of which 4 patients did not give consent and 5 patients were excluded because of multiple myeloma and other bony primary malignancy. We lost a follow-up of 3 patients. Finally, 111 patients with skeletal metastasis were included in the study.
Detailed history of the nature of onset, duration, progression, and risk factors for malignancy and history of malignant disease in the family were taken. Physical examination of the musculoskeletal system and other systems was done in all patients, with special emphasis on the examination of the The data was entered and analyzed using Microsoft Excel version 2002 software. Statistical analysis was done using SPSS statistical package version 16 and significance was calculated using Pearson's Chi-square test. Proportions and means of relevant variables such as demographic characters, causes, sites, and presentation were derived.
Results
Out of the 111 patients, 61% are male with male to female ratio of 3:2. The patients were in the age group 31 to 81 years. Most of the cases present in the fifth decade (36%) and the least in the eighth decade, probably due to fewer number of patients in this age group (Figs. 1 and 2 ). Only 5% of the patients were asymptomatic with a known primary malignancy at the time of presentation. However, 55% of the patients presented with unknown primary malignancy and 41% were with known primary malignancy (Fig. 3) . The most common occult primary site was the lung (38%). Sixty percent of the patients' initial presentation was pain and 27% of the patients presented with pathological fractures. The most common site of metastasis was the spine (47%), followed by the pelvis (18%), and the proximal femur (15%) (Fig. 4 ). There were disseminated skeletal metastases in 6% of the cases. The most common site of primary malignancy was the lung (38%) and others included the breast (28%), prostate (14%), and thyroid (7%) (Fig. 5 ). There were other sites of metastasis along with skeletal metastasis such as the lung (16%) and the liver (14%) and another 16% of the patients had metastasis in more than two sites (Figs. 6 and 7). Sixteen percent had disseminated metastasis at the time of presentation. Forty two percent of the patients presented with isolated skeletal metastasis. Further, 78% of the patients in the present study had an elevated ESR of more than 80 mm/h (Table 1) . Alkaline phosphatase was elevated in 75% of the patients. High level of calcium was noted in 33% of the patients (Table 2) . Seventy patients in our study showed roentgenographic evidence of metastasis, 18 patients were detected to have bone metastasis by bone scan. MRI was taken in 15 patients with spine involvement, and neurological deficit. Computerised tomography scan was considered in 5 patients especially for guided biopsy. We got histopathological confirmation of metastasis by FNAC or CNB in 81% of the cases (FNAC 35%, CNB 46%). Open biopsy was needed in 16% of the cases. In 4% of the cases, we were not able to locate the site of primary malignancy either by FNAC or CNB and open biopsy was deferred due to terminal illness of the patients (Fig. 8) .
Discussion
Metastasis is relatively rare in patients younger than 40 years. Males are more commonly affected than females [30] . In a study by Wegner G, the incidence of skeletal metastasis presenting without symptoms at presentation was 25%, but in our study it was only 5%. This may be due to fewer number of cases in our study and fewer number of lesions in flat bones such as the ribs and the clavicle, which can remain asymptomatic for a longer period [10] . The most common symptomatic site of primary malignancy in skeletal metastasis is renal cell carcinoma [30] . But in our study, we have only a very few cases of renal cell carcinoma. The lung was the most common asymptomatic primary producing skeletal metastasis which was attributed to the large site to which tumor in the lung can grow before symptoms are evident. Pain is the most common presentation of skeletal metastasis which was true with our study also [11] . According to Fidler, pathological fractures can occur in skeletal metastasis only when more than 50% of the cortex is destroyed [31] . Patients usually have pain before pathological fractures especially in the long bone, spine, and pelvis [32] . But pathological fractures without antecedent symptoms are common in the clavicle and the ribs. In our study, 27% of patients were presented with pathological fractures. Eight percent of our patients were having neurological dysfunction at the time of presentation. Mostly, back pain may be an antecedent symptom of pathological fracture and neurological deficit in spine metastasis. So it is preferable to attempt to diagnose the lesions at risk before fracture. The morbidity associated with operative treatment of pathological fractures of the spine can be avoided by early treatment of impending fractures [32] .
Unlike primary bone tumors, metastasis usually involves axial skeleton and proximal segments of limb bones only. In extremely rare cases, metastasis can occur in distal to knee and elbow [9] . The same was true in our study also. As per the study by Coleman R E, the breast, bronchus, and prostate account for more 80% of metastatic bone disease [33] . According to BuckWalter JA and Brandser EA, five specific carcinomas-breast, lung, prostate, kidney and thyroid-account for approximately 80% of skeletal metastasis. According to them, skeletal metastasis is greatest for breast and prostate cancer [3] . Higher incidence of secondaries from lung cancer in our series may be due to greater prevalence of carcinoma lung in this area and small sample size. The bone is the third common site of metastatic disease, only the lung and Fig. 8 Histopathological confirmation the liver have higher metastatic rate than skeleton. In our study also, we have combined metastasis involving the liver and the lung along with skeletal metastasis.
HISTOPATHOLOGICAL CONFIRMATION
A study by Rougraff et al. showed that only 17 patients out of 40 (42%) had elevation in ESR, but in our study, more than 70% of the cases have ESR of more than 80 mm/h [30] . Even though ESR is a nonspecific marker, it is worthwhile to suspect metastasis in patients above 40 years of age with elevated ESR of more than 80 mm/h. The same study also showed 10 percentages of patients having an elevated ALP, compared to 75% of the patients in our study (Table 3) . Hypercalcemia is present in 8-20% of cancer patients [33] . Our study showed 33% of hypercalcemia in skeletal metastasis. Bone scan is one of the most cost effective investigations to find out the multiple metastatic lesions in the bone (Table 4 ) [34] . Patients with neurological symptoms and metastasis in the pelvis and spine can be better delineated by MRI or CT scan. It is very difficult to identify the site of primary carcinoma on the basis of biopsy alone, but it is an excellent method of confirmation of already suspecting site of primary malignancy [30] . In the present study, we have followed the same strategy; histopathological confirmation was obtained by minimally invasive techniques such as FNAC or CNB in 81% of the cases. A study by Ottolenghi et al. on aspiration biopsy of spine got 73% positive results, 13% doubtful, and 14% negative results [35] . For the evaluation of primary and metastatic bone tumors, the diagnostic accuracy of FNAC or CNB is 67 to 97%. Combining the two techniques may provide complementary information that increases the diagnostic accuracy further [36] [37] [38] .
Our study has certain limitations. As our institution is a referral center, an element of referral bias is possible; hence, complication and mortality appear higher than expected. Due to very poor general conditions and financial constraints, screening bone scan could be done only in 39 cases. Our study was conducted in a small number of patients; further multicenter study may be needed to extend the results for population benefit.
Conclusion
Skeletal metastasis commonly occurs in the fifth decade of life with modest male preponderance. In most of the cases, the primary site of malignancy was undetected at the time of presentation. Pain was the commonest presented complaint of the patient. The spine is the commonest site affected and the lung is the common site of primary malignancy. Most of the cases were detected by radiogram and confirmation was obtained by minimally invasive technique like FNAC or CNB. 
